A filter method for collection and storage of capillary blood spots for glycated haemoglobin (gHb) has been developed. Glass fibre filters (GFB) impregnated with 0.8 M boric acid were used to collect and store capillary blood. Haemoglobin from the dried blood spots was eluted into water and determined by Drabkin's method, while gHb in the eluates was determined by the microcolorimetric method. The intraassay coefficients of variation (CVs) were 4.5, 4 -5 and 3.1% at 882, 1101 and 1704 pmol HMF/mg Hb, respectively. The corresponding inter-assay CVs were 8 -6, 8.6 and 6-3%, respectively. A total of 63 paired capillary and venous blood samples were measured by both the direct and GFB method. The GFB method showed excellent
correlation with the direct method (r= 0.948 and r= 0.994) after 7 and 14 days' storage at room temperature. The GFB method will enable prior collection and postage of blood samples by patients.
Additional key phrases: method comparison; stability study; diabetes mellitus
The measurement of glycated haemoglobin (gHb) provides a useful index for assessment of longterm blood glucose control in diabetic patients since its level reflects the average blood glucose concentration of the preceding 2-3 months.'-4 Most of the presently available methods for gHb5-' are more complex and time-consuming than the simple dry chemistry methods for blood glucose, thus requiring the use of filter paper methods for advanced collection and despatch of blood samples by patients to the laboratory, to ensure that gHb results are available at clinic visits.
Several filter paper methods for gHb have been reported which employ either affinity or ionexchange chromatography or c o l~r i m e t r y .~-~ In addition to gHb, glycated plasma proteins are also measured by the filter paper colorimetric methodsY-l2 as there is no prior separation of plasma from red blood cells. The colorimetric method is a robust, precise and cheap method which has been recommended for use in developing ~0untries.I~ We previously used the microcolorimetric method for washed red blood cells spotted Correspondence: Dr M L Ng.
onto filter papery but this method is not suitable for direct blood collection by patients. Therefore, we have introduced the use of glass fibre filters which permit direct collection and simultaneous separation of capillary blood. This paper describes the validation and use of the GFB method for gHb measurement.
MATERIALS AND METHODS
Analytical reagent grade orthophosphoric acid, and boric acid (Merck), trichloroacetic acid, thiobarbituric acid and 5-hydroxymethylfurfural (HMF; Sigma Chemicals) and glass fibre filters (GF/B; Whatman), were purchased from Chemopharm Sdn. Bhd., 20 Jalan SS2/66,47300 Petaling Jaya, Selangor.
A total of 63 paired venous and capillary blood samples were collected from 21 normal staff and 42 diabetic patients of the Medical Faculty, Universiti Kebangsaan Malaysia. Venous blood samples (2 mL) collected in heparanized tubes were centrifuged and the packed red blood cells rinsed twice with normal saline to remove free glucose before storage at 4°C until assay. About left to dry overnight at room temperature (26-28°C). Capillary blood (about 50 uL) from finger pricks was blotted directly onto GFB filters to form spots of about 1 cm diameter. Blood spots were then air-dried and stored at room temperature before analysis. The centre of each GFB blood spot which contained red blood cells separated from plasma was excised and the upper layer peeled off and eluted with 2 m L distilled water. Haemoglobin content was determined by adding 0. I mL eluate or haemolysate to 2 mL Drabkin's solution and measuring the absorbance after I5 min at 540 nm. G H b was determined by the microcolorimetric method with I . 5 ml. eluate or haemolysate as described by Eross et ol." A standard curve was constructed using 5-50 nmol HMFItube diluted in I : 1 trichloroacetic acid: orthophosphoric acid. GHb results were expressed as pmol HMF/mg H b and the normal reference range established previously with 37 venous blood samples was 520-%8 pmol HMF/mg Hb. Quality control pools at low. medium and high levels were prepared from haemolysates of samples collected from diabetic patients with good and poor blood glucose control. HMF/mg Hb) were spotted onto GFB filter discs that were either untreated or impregnated with 0.8 M boric acid. Blood spots were excised for gHb analysis after 30min (Day 0), 1, 7 and 14 days storage at room temperature. Samples from untreated GFB filter discs showed increases in gHb values (expressed as percentage of direct assay) at day 0 and the rate of artificial in vitro glycation increased with storage time such that a mean increase of 146k 6% occurred after 14 days (Fig. 1) . In contrast, Fig. 1 shows that gHb values of samples stored in boric acid impregnated filter discs were comparable to values from the direct assay, with a mean value of 104 2 2% at day 14. In order to further confirm that boric acid is effective in preventing in vitro glycation, two separate blood samples from a normal person and a diabetic patient were collected and then divided into three aliquots. After estimation of basal glucose concentrations which gave results of 6 mmol/L (low) and 12 mmol/L (high), glucose was added to artificially raise the blood glucose levels to 10, 16mmol/L and 16, 22mmol/L, respectively. These blood samples were then spotted onto GFB filters impregnated with boric acid and stored for 1, 3, 7 and 14 days before analysis. The results shown in Fig. 2 indicate that addition of up to 22mmol/L glucose did not cause any further in vitro glycation. The slightly raised gHb basal levels of both the normal and diabetic samples (Fig. 2) at day 14 is due to a small decrease in haemoglobin recovery while absolute HMF values were unchanged.
RESULTS

Prevention of in vi/ro glycation
Reproducibility
Eluates from three different samples after 7 days' storage were repeatedly analysed six times in a single assay and in six separate assays. The intraassay coefficients of variation (CVs) of the GFB method were 4.5, 4 . 5 and 3.1% for samples containing mean gHb values 882, 1101 and 1704 pmol HMF/mg Hb. The corresponding interassay CVs were 8.6, 8 -6 and 6 -3 % , respectively.
Comparison of GFB paper method to direct assay
In order to test whether the GFB method is suitable for direct collection of capillary blood, capillary blood samples (n = 63) were collected together with paired venous blood for the direct assay. GHb was analysed from capillary blood spots after storage for 7 and 14 days. A good correlation was obtained for both sets of samples stored for 7 days (Fig. 3 ; r=0*948, the direct microcolorimetric method. y = 0 . 9 8 9~ + 6.57, r = 0.948. n = 63. P < 0.001. = 63) by the GFB method after storage for 7 days and 
Comparison between gHb measurements (n
Comparison between gHb measurements (n = 63) by GFB method after storage f o r 14 days and the
y=0.989x+6.57, P<O-001) and for 14 days (Fig. 4 ; r=0-944, y = 0 -9 5 7~+ 3 0 , P c 0 . 0 0 1 ) when compared by linear regression analysis to the direct method. The regression equations show that gHb measurements by GFB method were %-99% of values of the direct method, indicating that there was negligible contamination from glycated plasma proteins.
DISCUSSION
A cheap and simple method for the collection and storage of capillary blood samples for measurement of gHb has been developed in our laboratory.
Boric acid is required to prevent further in vitro glycation during storage of dried blood spots. Boric acid was selected based on the report by Burrin et al. l4 of its use for glucose measurement by a filter paper method. The use of boric acid for prevention of excess glycation of dried blood spots is cheap and simple when compared to previous reports that used glucose oxidase to degrade plasma glucoseg or alcohol to wash away glucose.1° Whether use of semicarbazide and aniline" is suitable for gHb analysis by microcolorimetric method is not known. More recently, a new technique of storage of filter paper blood spots in stabilizing buffer rather than in dried form has been reported.15 However, this method is rather cumbersone when compared to dried blood spots as it is more complicated for despatch by post. Results from our filter method correlate highly with the direct method (r=0.948,0-944). Blood collected and stored in dried form on GFB filter discs impregnated with boric acid were stable in terms of gHb measurement for up to 14 days. The use of glass fibre filters in place of ordinary filter papers has enabled separation of red blood cells without any requirement for centrifugation. This technique of blood collection allows the use of the colorimetric method for measurement of glycated haemoglobin since the previous filter paper methods reported by Little et al. l o and Eross et were measurements of glycated whole blood proteins. We believe that measurements of glycation should take into account the different half-lives of the proteins involved, for better interpretation of test results. The GFB filter method will allow patients to despatch capillary blood samples to the laboratory prior to their clinic visits.
